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fjgjd of the invention 

The present invention rpiat« e - 
invention i^t^'JE* *"*■"> «" "ove, £ ££&2* h ! *? 00 '"*'""- 

con, POSiwons . «** th9 block copolymer p Jh r;: s i:rL a ~ 
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Background of the Invention 

Block copolymers have I 

a SHr? r -War 

"-«*« "'^^S.'i'SSrr' «•»»» M. Own about 4000 hava mi ha 

contributes to reductton ■ Nonfunch °«a' silicone oil can act as x £T ' 8reby opBmum 

Summary of the Invention 
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3 wl^a 



polysitoxane A>nc ma , erials have foun(J use 

-■fa- « rsr asrjar: s- to - — - 

mixture thereof. extenaer such as a Afunctional amine or aicohol or a 
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where: 

"** Se,eCt6d «» — P*en ylene . alkyl eno. a^lene an d cycloal- 
Y .s an alkylene radical of 1 to 10 carbon atoms; 
R is at least 50% methyl with the balance of the 100* of ,n p * , . 

cons.sting of a monovalent alky, radical hav^from 2 to 12 LL n ^' Ca ' S M " 9 S9,8C,ed «» Qroup 
from 2 ,o 12 carbon a,om S . a vinyl radica.. a phenyTrLTca, an a £T * SUbSUtU,ed radical •**•! 
D s selected from the group consisting of hydSn m at,??l ? f Phenyl radica,: 
B « setected from the group consist £^ 2,2 fl t 1^° ca ^-«°-. and phenyl: 
oxide, polypropylene oxide. polytetramethylenTo^^ !cfh * yc,oalltytene - Phenylene. polyethylene 
butadiene, and mixtures thereof^ a S^nK^SS^!" 8dipat9 ' P 0, W«-=tone. poly- 
A is selected from the group consisting T com P ,e,ln 9 ■ *0 structure including A to form a heterocycle; 
•0- and - N - s 

G 

n is a number which is 70 or larger, and 9 ' f0rm 3 hetero <:ycle; 

m is a number which can be zero to about 25. 



so 



? * r ?, r ? 

HN-y-SiJ-O-Slf-O-Si-y-NH 



II 



so where R Y. D and n are as defined in Formula I above- 

0C«2iT haVm9 a *«™ represented by Formula III. as foltows: 

where 2 is as defined in Formula I above; and 
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(3) up to 95 wft percent diamine or dihydroxy chain eft. 



(3) up to 95 wlp percent diamine or dihydroxy chain axffiSp, h a ■ 

represented by Formula IV, as follows* extender having a molecular structure 

H-A-B-A-H IV 

fehenyHsocyana.e) or tetramethylxylen d£c£S To a cSZ^^ ** m ^ lene bis ' 

^socyanate methylene bisfcyclohexyl, ^yLTJZZXZZ^ 35 iS ° Ph0r ° ne 

The reaction to make the novel block copolymer involved to use T< t , 

diamine represented by Formula II involves tne use of the novel organopolysiloxane 

nJ^SS^ diamine represented by Formula ., Is also provided. The 

M *JP f^"'" 9 under reacti °" conditions and in an inert atmosohere' 

(a) amme functona. endblocker of the mo.ecular structure repreS^ Formula V. as fo.lows: 



NH-Y-Si-O-Si-y-NH 



25 



30 



35 



of a monova^M 2S n^ g tn! Mo 1^ *"* *° °™"> * 

s^r;^ a,kyl radical havin9 

structure represented by Formula VI. as follows: ■ bout 2,00 ° and a molecular 



?. ? r s i r 



D 



HN-y-iiln-Silo-Sl _v_i! 



SifO-Sij-O-Si-y-NH VI 
R R I x R 



40 



organopolysiioxane diamine of notl TJfl IZ?!'™* ^ UKmaS * of * e 

structure represented by Formula vK foTws " ™" e S,,an0,ate ca,a,yst ° f a m «"~ular 



R 

<S HN-y-Si-O-M* VII 

D R 



r : to is r^.~^^™ ^ radical havin9 

preferred: ^ 9r0UP ° f K ■ N * ■ « N(C*>*.. wiU, N(C H,), ♦ bei „ 9 

ss ^ (2, continuing the reaction unti. substantia,*. „ o( lhe ^ ^ ^ ^ 

^■{ElS"""' CyCHC """ "» — O'^opolysHoxane represented by 

The preferred amine s«ano.a«e cata.ys, is 3^, propyl Methyl te.ame^monium siU.no.ate 
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"The catalytic a^fet nt th 

«,»p«s^ pissr 01 - ,a »« *° °- 
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1/ I 
-N-2-N-C-N-y-Si- 
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where: 
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J*. **« radlca, S e tected , rom the group 

V.sana. ky ,enera <li ca,ofuo10c afh « . «^ «d cy^ 

R at leas, 50% neZ £ h t il Z? ^ 

heterocyc e X£ ™ ! ' " nd 8 radica ' w "ich completes a 1« P^Waetone. poly- 
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where: 

R is at least 50% methyl with ih« h a , 

w 'w caroon atoms; 
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where: 

2 is a divalent radical selected fmm th 

». _ . . diamine . ^ ^ « 

222«ed Description of the Invention 



iT^ Sil ° Xane ' POl) ' urea "to* copolymers ol A 



/5 



20 



25 



30 



40 



45 



50 



55 



The 

prepared 

reasons of safeTTo ,f° ,Ven,s - H °^er. (or many ■gT '° n ; 7 35 fi,rns * ratings. are 

«<ms require *S"dS2£«ET ,,MHy '"^^^J^ """^ be '° lera ' ed * 
» invention are r.^J^^"^ of ™I aPP '' Ca,i ° ns '° r Such 

block copolymers nf «,« J wa,er d 'spersibl e . Water-rii™*!.*? 0ck c °POlymers of (he 

Several %£ ^ J» « by the incorpoS S ! Lr; 0PO,ySi,OXane ^- 

according to Formufa W 1 PUfp0Se - 7,19 P™^ method s ™t^ , ° n9 the P 0 '^' chain, 
^h as H^SXL^T- ,he use « <** ^x,e de i ™ °' Certain cha '" lenders 
'0 triamine. and tn7ffl^! n !2^ ,ne ■ ''f^" 0 ™ Pipeline h£S ZT" ^"PS- 
reactive amine groups Tnl! °^ np0,y,,to ^^ and di9 %lene 
ammonium sa. t ^ Or Qu l™ ne 9f ° UpS ,hen "e ion^edT^r f^'" 9 '° Formula 1 *«*>Q 
« -kyl haiides 1^ ammoniur " to* may be generated h ? ^ a, ' Cn acid to <°™ tertiary 
POlymlc Z'einTT ™- bu »'™"ono and the Le I,llT ,,0n Wi * h 3,k ^ agents such 

Procedure. CK D r7 m ( ''° nenes) o Su 7L°r OPOlySilOXane ^ ntei ^ 

«• 3-dimethy la m no SUt>S,itUtion °' «*• of a .J2v ,! Pr6pared by a «"° «•! 

non-ionic ehLTJ2L£2^ ,n * , '** n «Mamlhoprop M ol or ollT M m ' m 0r a,coho1 ' ««* 
tertiary amineTnSd IvT,? ^ in the reac,io " J, ^dSS tT^" 01 *" ° ne mo,e <* • 
stoichiometric eZaC ^ "T ° r P 0 '^ 3 - second 1^, " '"• Tnis *** * 
bromomethylpheXf h L dina,id9 ' su <* as 3 !£ b !,™ °' polyurea "»* a 

c^orome^he^ bu^TJ^^^^^ ?T* 
either in bulk or. preter^itT,; . , d,9,hylene 9^l-bis(f>chloromBth«lhr; n J. 1 ' 4 - b,s < 2 -methoxy-5- 
solvents are POiar^^ '^T « a <~ure * , ro ^^^^^^ 3,1(1 
ketone and tetrahydroforan^L " dlme %»°rmamide. acetone anrf L . ° U ' 125 C ' Pre, erred 
«W%. as deSoedTn ^mgT !"? reaC,i0 " ^^ES ? ^ ^ 

«" order to achieve water com Da « hlh . amm ° niUm ton 

wXTthL S Zr S egtnrP S ST ST f^' > - - 

excess of ^g^^^Z ^ made *»» -»S P0lv<2a ST"* 
preferred ionic coX k * ^ a " d or dissot^ T ' CO P o| y m «rs having an 

maintaining om e ~esil B n !f T™™ amount W to y eW ^ a " V COn,act wilh "«er. The 

must be determined RmL * 6 p0rtl0n °' Polymer chain t„ ilTr me ran 9 e wi " vary 
simpte ammonals aToonL'r 0 9r ° UPS memse ^^y val e«° ^ ned as *»nfe contend 
long chain alky, g ™. GeneST^ " Mc ^ ^^Sl l™^" >* • 

simplest of construction^ -eT a ' I ^ cons ' denn 9 Ow wight oTtoe l^t 1 ' he mol9Cular "^9^ of a 
hafide ion as the motecuter weioh, Z T° ^ ^ ^ l£ns in , to inClu<le on,y the 

stable dispersion SLT * 9 '° n ' 3 m,nimum «' ^2%bv71^ P °' ymer Chain " «« a 

U-S. Pat. No. 4aS?M^SL" ^'eminopentanoic acid or 2.2^imll? n 8 f m used whi <=" 
these carbwvHc !2f 'J^l 6,h0dS 0f prepaiaS ™ "« tttmmS^"^ **'• 35 descri ^ h 
copolymers -^^^ *« b h ,ock "P^ers TSTF 9,6 sam9 •» 

•vater soluble solvem tmZ * tr C ° ne block ^Polymer is nJmal^V" amine 
with a slight mo^ ex Z/ ° ' n9P ° in,0,l8ss ^ n W"C. GS 

P0lymeri M Lnte r cn ;?A 0 / a .' ertiary an "» 9 such as JSSSL l ^ acid 's neutralized 

«% by weighro^^ 0 ?r P ^ ,h9 
preferred. ° xv,ate mon <• nqmd for chaining a stable l!! n " T,um of *«« 

Depending on ionic content and otne , " - ^ 4 " 8% bei " 9 



35 



typically clear and very^fc, in nature 

Although infinitely dilutable wi£ ? 9 8 3 """P'^ly aqueous dispersion n. h ' he SOlvenl 

"n?HSr=" • — - - sis; 

Qanopolysifoxane diamine is obtein^T. y Vapor phase chromatoaraornT Ani,,? the j endbl «> 

■"r srr by pirr a mo,ecu,ar wi9h ' " ,ess ^'Aissir 

^i*^ - silo^e 

reason ^S^^tZfT " * " 8 iS S!^ ^ «* 

"eight in excess of S 000 and . " "a™ 0 **""""* diamine is VroduZ ! ""^ 31 "» 

minimum amount of^T££?"i" d6,ined by For ™'a «• By utKE^J^ 8 8 m ° l9CU,ar 
consistently orZL '"ncfconal anhydrous silanolate catalyst irnrTJ tw °- sta 9 e method with a 

siloxanes, amine functional 7 preparat,on of amine terminated silicones fm m !k ,mpunt,es - 

all at once with the cataS ami TT inc,ude «S) * e reactton * " " Umber °' 

incompfcte ^^^TZT^ "* *> *» ^ 'ffrft " 

8 
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example, .he combination oTrL? T ? " 30(1 ,he molecula ' wkwVST^ ,* natUre °' c *ain 

good JK"i22r2?S s ; ,oxane impuri,ies - ^EEEZT.™' 

elastomenc propel e "n 1 ^T" 9 ' «* h ™ ""usuaHy htoh Tenmh ■ " Pr ° b ' ems - ^ "ave 
decided ^.^ge Tn p es U T«„ 't^ * require hi 9" ^•InT^*' f^"' 9 mechanical a " d 
The block copolymers o ,h? ^ ma «ring. " CU " n9 or lon 9 Posing times, a 

« desirable P«P^ yi*,^^ '° r m0St ««*««». do not reouire r ■ 

other additional strength Tdes^d * S -, UP ° n *** additional stab I ? * aChi8Ve ,heir 

coating by any of the cn JL ? ' 1,16 S,l,cone ««* copolymers r!„hf *' SOlvenl 'distance or 
Peroxides" e0nwn *- ™<"ods described in ft.T.S atter «s«" 9 or 

As mentioned previously the „ ^ radiati0n - or «• 

variations ZZtT^r^ and ■» ""*«S S he^T^ fhe "< 
copolymers are esnJaVv 9 TT 18 °' ""^ '*• >oTn or 1? ? S "° Xan9 Se9ment T""" 
adhesives such as mS ta^l ■ !! ,0W - adhesi °n «*W (UBs) for "Jf 350 Ce ^" 
* about 60 to 350 g/cm 1^'^ n U f S * in "»> <°™ idea," el D ° r l? Vab,e <» e «<"e-sensitive 
and U8s is from *L 5-/' ™ 6 preferred «ard segment content for conl,^ ,0Ward ,he adnesi ™ of 
"s ultimate use ie mo , ab0Ut 70% ' Pref °«ed ranges v2 L P J "* used as rete ase agents 
Copolymers havinn"! P ^ ranQe ,or UBs used in m as S»f P 9 * he °< adhesive and 
^Z lTnXr ;^ 9e eXhl ' bi, "» nece «ary c mb™tn ' S ab ° Ut 25% to 60% 
*> Performance ^ntfl^ n ' 56 89i " 9 of J 111^* UWind on fr «h tape and 

Block copoTym foT: 9 ^ 06 ™ *. Vilify to hoW when usedln^ Paim 

w-th other ZZIZ tiZ Z TMf* mm si,icone wWJ 1 !" 11 * 

resilient, quite stron g Z?? *! d a nard se 9men. content in toe t® is? ^ 0) a '° ne ' or cornbi ' led 
invention, it is edible ton elaS,0mers - Wt » »• high difunc«ona«rv I ,T 9 ; Pr ° Vide h, ' 9n| y el ««c. 
» segments (2 5 .oo 0 -7o 000» 1h t^ 0 Si,iCOne e,asto ^ even SHI h h S '" COne diamines * »is 
soft and i^nS^J^^,T 9nml COnten ' as *"» « 0 5 to "2, f ? ( * Cuhr wei 9 ht *»ne 
silicone polyurerirlnn w y .°' '° W ,ensite ^ngth; however it h« h ° h P0,Vmers extremely 
resins ^ZZS^T ™ ^^AtS^ *« ■«» 
a new type of silicone „™L ° S6nes - such ■» "MQ" SR.545 o """^ silicone ««*"er 

0 weight and hart ^ml P ^^ ensit * e adhe sive is obtained vL T 9 General Ele « nc Company 
of Lk SeefldZon "T^ preS3u ^nsr«ve adhere Sn 2 r^' 0 " in *«• molS 
FurthermcT sinS 2 \T ^ ho,din 9 wTouTth? It t9d 8,1 0 ' rt ' mum batons 

can be coated onto tapes bu .'^ mese silicone polvll * y " C- ,0rCes °' attra «*on 

This hm^fiZJ" T™* processes. P °' yUrea D ^"re-sensitive adhesives 

scope. ' S ,Urther " ,usfra,ed "V the following examples which are 

n,Ch "» not ,nte nded to be limiting m 



so EXAMPLE 1 



ss 



Preparation of ttie Catalyst 



emyl ammomum hydroxide pentahydra.e and 30 ml o^ ? r ° Py,) tetrar "e'nWdi S ilox- 

30 ml of tetrahydro- f uran . The mixture 
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EXAMPLE 2 



75 



Preparation of Silicone Diamine 



20 



25 



30 



octamethylcyclotefra- iZ^flir2!*T^ 9 te .< 3 -» n " no P«W'> tetramethyldisiloxane and 18 g of 
contend ?S hea^d an hi T^'* PUrged <0r 10 """"^ with *9° n - ™° ■«* 

become quite viscous. VPC showed that th„ «nrt.TlI 7 8ter 30 mmutes of stimn 9 had 
reaction mixture (which consisted of a Tsm h ? , com P lete| y disappeared. To the resultant 

cataiyst) was added dropSver . six hi Z ^ ™ T CyC ' iC Sil0xanes and **» 

the viscosity. HeatingTrea^n Z ^ Itenfaf M'C Z^T^ reSUlti " 9 3 riSe in 
decomposed by heating at ZrZ t^LS^lSSS aT'Ta,?? m^* ~ 

until no more volatiles distilled tea 1 i/ohr\ M . stripped at 140 at 0.1 mm pressure 
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EXAMPLE 3 
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Preparation of Silicone Polyurea 



45 



50 
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^uurumg id mo i m u 4iz * 68 under ambient conditions at a temperature of about 2? * r A^rHm. f« .k- 
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length of the 
the specimen 



and stretched specimen pieces, dividing measured length by the original length of 
e stretching, and multiplying the quotient 0^00. 



EXAMPLES 4- 15 



10 



Preparation of Silicone Polyurea 



is 



so 



« i , « f tC 3 SO ' U,i0n °' 2 06 9 ia °P h0 ">™ diisocyanate (IDPI) in 30 ml CH 2 CI S was added a 
soluuon o 0.67 g 1 .3-dipiperidy. propane (DIP.P) in 20 ml CH,C, S . A solution of 9.8 g of sLone diSJne of 

re^l °T° k S ° Ut '° n ° f 0 86 9 °' DIPIP in 10 ml 0f CH * C1 *- T ™** *e end of the addition. Z 
Z^ T'*! V6ry ViSC ° US - 1/2 h0Ur ' ,he resultart viscous « ol "tion was cast onto a glass 

STotd 1,^ L ^ o * Pr0dUdn9 3,1 elaS, ° mer " lm of silicone ""V""" a diamine' 
DIPIP/IPDI molar rat,o of 1:8:9. which was clear, yet stiff with a tensile strength of 8453 kPa 200% 

elongation and 15% permanent set. 

in the' mZSTZ*^ 3 wid9 ! an9e ° f Homeric Properties were prepared by procedures illustrated 
« SotpiTs s-15 " S 3 nUmt>8r °' th6Se SiliC ° ne e,as,onws are list *J '« Table I below 
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TABLE 1 
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50 



Ex. No. 



5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



Chain 
Extender 



Silicone Polyurea Elastomers 



Silicone 
Diamine 
(MW) 



5.800 
6.100 
6,100 
8,400 
8,400 
9,600 
9,600 
11.300 
21.200 
21.200 
36,300 



Chain 
Extender 
(Moles) 



DIPIP (1) 
(0) 

DIPIP (1) 
DIPIP (5) 
DIPIP (8) 
DIPIP (3) 
DIPIP (8) 
DIPIP (3) 
DIPIP (6) 
DIPIP (6) 
DIPIP (9) 



DIPIP = 1,3-di (4-piperidyl) propane 



Diisocyanate 
(Motes) 



H-MDI (2) 
H-MDI (1) 
H-mDI (2) 
H-MDI (6) 
IPDI (9) 
H-MDI (4) 
H-MDI (9) 
H-MDI (4) 
IPDI (7) 
H-MDI (7) 
H-MDI (10) 



Inherent 
Viscosity 



1.34 
0.75 
0.87 
0.75 

0.94 

1.33 
1.07 
1.15 
1.21 



Silicone-Polyurea 



Tensile 
(kPa) 

8,280 
4.623 
6,038 
7,590 
11,247 
7,038 
8,453 
8.383 
5.210 
4,382 
3,002 



Diisocyanates 

H-MDI = Methylene 4.4' dicyclohexane isocyanate (hydrogenated - MDI) 
IPDI = Isophorone diisocyanate 



Elongation at 
Break (%) 

600 
750 
470 
150 
260 
375 
200 
500 
300 
375 
520 



Perm. 
Set (%) 



15 
25 



15 
15 
6 
5 
10 
10 
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EXAMPLE 16 
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is 



20 



Preparation of Silicone Diamine by the Prior Art Proc^d.,™ 

mole) in ,05 g of D« was add^ al a^nrl^ n 9 w (am,nopr ° Pyl> Methyl disiloxane endbtocker (0.01 
under argon to provide ^ ^le^'/Z^n ^ * S< " Uli ° n WhiCh was stirred at »'C to 85 'C 

After heating h cKS for 24 hi? P ? ym9r , haVin9 3 the ° r8,ical molecular " ei 9 h < * «>.000. 
endbtocker had™, b^LSE^ he ^7 JTJS T 3 * 
unincorporated endbtocker was still p mm £ ^1*" " ^Z^' al,hou9h VPC indicat ^ that some 
minutes. The resultant clear color L Twl ^1^ . terminated b V bating to ,50* C for 30 
nour, 0 ,e m oveanvo^ 

0,. meg, or a 



EXAMPLE 16A 



25 



30 



35 



Preparation of Silicone Diamine by the Prinr Art 

The mixture was stirred and heated at «4 Lh' 2 H ' CHjS ' h "° endblocl «* (0.04 mole) in 200g b.. 

VPC. After ,8 hrs. no ^endblocke^emaSd M nT" "VS? ^ ° f *" reaCt,on was """^ "y 
ISO' C for 30 minu.es. "esidXc^^^ « 
as a clear, colorless oil which was cooled to rnnm 7 ^ mm Hs * t0 provide * e P^uct 

the product with 0.1N HCI 19 <* *»% Titration of 

y moiecuiar weight of 5412. The theoretical molecular weight was 5000. 



EXAMPLE 17 



40 



45 



so 



Preparation of Silicone Polyurea Elastomer .1,^ Priof M Silicone Diafnjne 

^'iix^.irjtt 5 c 0 h r o d f sTcT: i ( r e ;r - 

CH 2 C1 2 was added all at once with ^rri™ tk! f * . 2 2 * A SO,ut,on of 0 91 9 ^MDI in 10 ml 
■* a so,u«on of £ J "p^ * — Q 

addrt,on. the solution became viscous but remained ctoa7 After All " T< T d ** e " d 0f * e 
glass plate, leaving an elastomeric film TrZ * , . r 1/2 hour . the viscous solution was cast on a 
diamine^.P.P/.H.MDImo^roT^S * ' evaporation - ° f a P°'v«« with a silicone 



55 



EXAMPLE 17A 



Preparation of Silicone Polyurea Elastomer Using Prior Art Silicone Diami 



ine 
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5 



EXAMPLE 18 

10 r 



15 



Comparison of Elasfomeric Properties o. Silicone Polyureas Prepared wim "Prior Art" Si.ieone Diamines and 

Present Invention Diamines 



20 



25 



of E^D!e n s Sil 17 S ^T7A inh ^ n, el0n9ati ° n * break ' « nd permanent set °* »» ""con. polyureas 

Zv^vSJ^T^ !? arn ° UntS °' ^ Si ' iCOne °" we,e ob,aine<i ,rom »h» P^Pared 

TABLE II 



30 



35 



Example No. 



17 A (Prior Art) 
Ex- 17 (Prior Art) 
Ex. 2 (The Invention) 
Ex. 12 (The Invention) 



Molecular 


Inherent 


Tensile 


Elongation at 


Weight of 


Viscosity 


(kPa) 


Break {%) 


Diamine 




5.400 


£7 


6916 


555 


12,000 


.51 


3312 


290 


5,300 


.70 


8034 


550 


11,300 


1.33 


8383 


500 



Permanent 
Set (%) 

37 
3 
35 
6 



Extractable 
Oil (%) 

3.0 
6.0 
1.0 
1.2 



40 

EXAMPLE 19 



45 A Silicone-Polyether Polyurea Copolymer 

A mixture of 8.2 g of a silicone diamine of 8215 molecular weiaht 7<\ n m ■ 
polytetra- methylene oxide diamine, and 0.67 g of «ttS&l\"J£!tt'X 
Sfl .sopropyl alcohol and 50 ml of CH jC 1 s . With stirring at room temperate 111 TT££L 

remainea clear and did not gel. A film was cast from the viscous solution diwi anri #ho r—.w— * . 
perman1n?r° lye,her ^ " 3 ^ ^ * J^^IKT^ 



55 



EXAMPLE 20 
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g|W^folyester Polyurethane Polyurea Copoly^ ElastomP^ 

. Q - «0 mo,ecu,ar weigh, 

boiling and a small quantity of sofcen Z aZLd ^, 1 £ °? tohlen9 - Th9 Solu,ion was ""W *> 
isophorone diisocvanate ii^TTT" ?T T? ,he flask ,0 topically dry the contents. 

dilaurate. After an initia. vig^s ration th^ ell ZZl * T d ' 0PS °' ,he Ca,alySt dibu <" Un 
reaction was diluted to 300 ml with toluene and 1 T ,T ***** re " ux ,or " 2 hour - ™» 
w diamine in 50 ml of to. uene was added ZZ ral? T?~ 9 °' 3 ,0,35 ° mo,ecular wei 9 h * «««»» 
treated rapid. y while stirring 11 a rtTwaT,^^ r6SUKin9 ^ C ° ,0r ' eSS SO ' Ulion was 

alcoho.. The reaction became quite 1^ 100 - - 

cast in a tray and the solvent allowed to nvm^^^lfZ ! dd,,IOnal h ° Ur ' ,he so,u,ion was 
.hane po,y U rea. contained 40-/. silicone and ^^^SZS? ^ 



20 



25 



30 



35 



40 



EXAMPLES 21-24 



Preparation of Pressure-Sensitive Adhesive Using Polysiloxane Polyurea Block Corner 

^Z^^T^ZtTf 23 23 g ■ 0, fr8Sh,y Pr9Par9d 5i,iC °" 6 — "» of 21-2.3 
was added folfowed by ano?he 28 Z™° 'T^T- M * tem P 6ratur6 «* ™* g of H-MDI 

pressure-sensitive mto£^££^ 2 no 39 ^ ^ *U?' UUOn *" d beC ° me V ^ vi5COUS - ™ 6 
resin composition available from General Ete^r 9 9 T S ° mo " ,n xylene °' 30 MQ silicone 
adjusted to 35% by me furthVr addZ if oTo ST"* '-r^"" 545 - ^ fi " al 5011(15 <~ 
solution had a silicone polyurea gum S^fj^^^ feSU,8n9 adhesive 

by b^ndinTS rreSn^K STT^ ^ 

equimolar amounts of diisocyanates with ar^ ^ £^,S^/* T'"" molecular w6i 9 h « 
polyester film at a 25 to 33 urn WUmJ*£J%Z! 9 S ,Ca,e r6Sin ' 7,1686 W6re «**ed onto 

The performance of the* Tex motes ^TuZZ'TT: ShMt materia,s - 

American Society of Testing JS^S^o^LT^ ** me,h0dS 35 d65Cribed b V «"> 

Tape Council (PSTC, of ^^^^'^S^ ^1^,17 ^ ^ 
strength). rroceaures No. 1 (peel adhesion) and No. 7 (shear 



Peel Adhesion 



45 



50 



55 



ASTM P3330-76 PSTC-1 (11/75) 



» -rats: ssir — a - z ™ - — - 
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Shear Holding Stren 




(Reference: ASTM: D3654-78; PSTC-7) 



70 



15 



20 



uJtVlZJTf? i$ 3 me3SUre ° f the cohesiven8S * « internal strength of an adhesive It is based 



ss 



TABLE lit 



00 



05 



Silicone Polyurea Pressure- Sensitive Adhesive 
[(1:1 Silicone diamine/H-MDl) Gum: MQ resin 



= 1:1] 



Ex. 
No. 


Silicone 
Diamine MW 


PSA 


Adhesion 
N/100 mm 


Shear (23 *C) 
Minutes 


22 


10.300 


12 


10.000 + 


21 


21.200 


43 


10.000 + 


23 


36.380 


61 


234 


24 


53.500 


52 


382 



40 



EXAMPLES 25-29 

45 



Preparation of Pressure-Sensitive A dhesives Using Polysiloxane Po lvurea Bled. C^rr^ ^ ^ 



50 



55 



A solution of 17.55 g of 34.000 molecular weight silicone diamine (00585 meoftri in ion m . ^ 

EuTJT? T rapidly "** at room temperature with **■ » ■ 22 oTSSo * 

bs [4 4 d.cyclohexyl] .socyanate (H-MDI) in 50 ml of methylene chloride. A solution of 012 a of 1 \SZ 
p.pendy.) propane (OIPIP, in 25 m , of methyiene chloride was slowly added drcpw^ SsutinQ in a ^ cont 
polyurea solution which became viscous but did not gel upon completion of the ^^SSn Tn « 2 
*e pressure.sens.tive adhesive, there was added 307 g oTa m^X^^^^ 1 ^^ 
545) producing 1:1 silicone block copolymer to tackifier weight ratio The solution 00^1 *i^Kol 
was cast on polyester to produce a 33 urn adhesive film whL was t£?£SXZ2£ sIZ 
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(shear 



number of other P ^^ Se n S S^tX^r **** ^ ,ime - This is """^ <° - 



TABLE IV 



15 



20 




25 



Ex. 


Silicone 


No. 


Diamine 




(MW) 


26 


21.000 


27 


21.000 


28 


19.000 


25 


34.000 


29 


55.000 



4 

3 
2 
3 
2 



5 
4 
3 
4 
3 



Peel 
Adhesion 


Shear 
Holding 
(23 * C) 


N/100 mm 


Minutes 


10 


10.000 + 


28 


10.000 + 


31 




50 




76 (split) 





EXAMPLE 30 



30 



Preparation of Copolymer to be used as Release Agent 



35 



40 



Composition: 


PDMS (MW-5560) 
PCL (MW-1250) 
OIPIP/IPDI 


25 parts by weight 
35 parts by weight 
40 parts by weight 



45 



50 



55 



Procedure: 

T . » rS. ^r^zirj sirs rssscsw:;" 



ifi 
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EXAMPLE 31 




to 



Composition: 



polydimethyl-diphenyl siloxane (PDMDPS) (MW 2680) 

PCL (MW 1250) 

DIPIP/IPD! 



25% (contains 10 mole % diphenylsiloxane) 
35% 

40% 



This was prepared and coated similar to procedure used in Example 30. 



75 



EXAMPLE 32 



Composition: 


POMS (MW 5590) 


10% 


PCL (MW1240) 


60% 


DIPIP/tPDJ 


15% 


DAS/IPDI 


15% 



This was coated similar to the procedure used in Example 30. 

EXAMPLE 33 

30 



35 



Composition: 


PDMS (MW 4900) 


23% 


PCL (MW 1250) 


42% 


DIPIP/IPDI 


35% 



40 



This was coated similar to the procedure used in Example 30. 
The test results from the above examples are tabulated in Table V. 





EXAMPLE 34 




45 








Composition: 


SO 


PDMS (MW 4900) 


20% 




PCL (MW 1250) 


20% 




DIPIP/IPDI 


60% 



55 This was coated similar to the procedure of Example 30. 

TESTING 
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10 



UNWIND TEST 



Testing was accomplished using an Instron-type testino at 90 
presented in ounces per inch. 9 0 



TABLE V 



angle and 90 irvmin separation. Data is 



15 



20 



25 



30 



35 



40 



EXAMPLE 



3 WEEKS 
RT 



UNWIND 

65*C/16 
HRS 



PEEL ADHESION TEST 



90%-50% 
RH 



21 



n/a 



EXAMPLE 



3 WEEKS 
RT 



65 C/16 
HRS 



90%-50% 
RH 



51 



RT = 22 *C/50% RH 

65 (^16 Hrs. was followed by 24 Hrs at 
22 050% RH 

90%-50%: Tape was aged at 32 * C/90% RH for 
2 weeks followed by 1 week at 22 * C/50% RH. 
All examples were coated from 5% solutions on 
ULTRA backing using a metering roll. 



4S 



EXAMPLE 31 



so 



55 



PgPggtion g> a Water-borne. Carboxvlate ^ £fe _ 

polypropylene oxide diamine having a moiSwei TTSoo T °' T h 75 9 MEK «« *> ° 9 
2000 from Texaco, in 50 g MEK. To the rcfuZ IJ,^, 1 . CommemaS ^ avai, *>'° as Jeffaminem D - 
dimethylo. propionic acid and 8.0 g ^S^X zs TmTT T * ^ 0f 9 62 9 2 * 

was added and the reaction was LS^r^M^^l^l " ^ ,in dilaura,e 
and hazy, ft was cooled to near ambient ^l lZ' a Z J JT* • had become very viscous 

Evaporation of MEK and concentrate to atoTotT^O o 7 V ' 90roU8 a9itaH ° n into 1100 "» 

to a total of 1900 g on a rotary evaporator yielded the product as a 

18 
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milky white ^knsion. 10% solids in water. Films or ^fcnns nf thic 



EXAMPLE 32 



75 



20 



25 



Preparation of a Water-Miscible Silicone Block Conn. rw^.^ , nnnnn , in|r 

To a solution of 6S.0 g silicone diamine having a molecular weioht of SO14 sn „ m m' h -« « 

polyurea ionene elastomer film. Another such soiution was dispersed ^ vJvt^T 9 *!™* 



30 



EXAMPLE 33 



P^ratJon pf . Water-Borne Siiicone Block Copojymer by Protonation of Tertian Amine Containing S^n* 

IS 

A solution of 20.0 g polybutadiene did of 1.454 MW. available as PolybdTM R-4 5M from ARCO 

^'IT^^rT™? dl ' iS r !yana,9 in 200 9 2 " bu,an0 " e w J s «rred aTheZ 
renux witn 3 drops of dibutyltm dilaurate catalyst under argon for 3 hours The rpartmn u,^ ^uj, 

11 *!, ? ^ SOluU ° n W8S * Wed dropwise "PW a solution of n 72 a ffi 

ao«nof«,p y |) p.perazine. V» viscosity of the reaction mixture rose rapidly, but the so^main'ell 5S 
After 5 mmutes. the b ock copolymer, having a composition of 50%7i!icone. 20% SEtfZ a^d 30% 
hard egment, was acidified with 19.5 ml of 6N HCI. The solution became hazy vSSSiS^Z 
formation of a globular precipitate. This was readily dispersed by pouring intoTlOO mfwZ H » ! 

ex£.TaL:^ dear ' yet 80mewha, britUe - *- *• ^ 



50 



EXAMPLE 34 



55 



Preparation of a Water-Dispersed Silicone Polyurea and Post-Curing of the Cast Film 

A solution of 15.0 g of amine terminated polypropylene oxide having a molecular weiqht of 2 000 
(JeffammeTK D-2000,. 50.0 g silicone diamine with a molecular weight of 5.014, and fa^tfj^ 



19 



10 
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aminopropyl) piperazift 250 ml isopropyl alcohol was treatftopwise with 22 0 « ic.nh. 

dnsocyanate. The temperature was hAirt at 9^n* n m ■ «. 01 • oropw,se Wlth 22 0 9 isophorone 

coating Such coto^^£T^^^^ H " ,n ^ " ™* ( °' 1V based on solids > P ri0f to 

adhesion to nJ^JTZS?' ^ tmK ' Mie m so,ven,s and exhibited excellent 



EXAMPLE 35 



/5 



*epaf^n 2! • *^orne Silicone Polyurea Copolymer and its Performance as a Low Adhesion Re.ease 

Surface - 



20 



25 



30 



35 



40 



45 



terti^rcomaTninXd^In: C ° mP ° SUi0n 2 ° % ^ 50% »»*»»•*•"• oxide, and 30% 
reac^n of aSZSXK 7^S£X£<« TT ? 
N.N .bis(3-aminopropyl)piperazine in 60 g isopropyl' SSTj!^b Z ^lecular weight. 2.27 g 
was neutralized with a solution of 1.85 ml concentrated m? '13 * The v IS cous p 0 | yU rea solution 
and concentration to 10% solid, i« L f . 5 ml 'W alcoho1 - Di '"t>'on with water 

silicone block polymer ° """^ ^ 93Ve " almost clear ««hpr-on of the 

22'c/50% rh. The perLimaTtti? de* coaSd Lt, » , 5 °J n> f °' 24 hours at 
adhesive tape was determined usino Z J* f 616886 Surface for P^sure-sensitive 

utilized: a natural ruS^ Zx<ZT£? ? e * ribed above - Tw ° types of tapes were 

propyl (BOPP, backing. Re^an^^^^ >» 

* 

TABLE VI 



Peel Adhesion (N/1 00mm) 




Initial 


Aged (3 days, 22 "C. 
50% RH) 



Rubber/Resin 
KratonTM 1107/Resin 



Rim 
0.7 



Glass 

44.2 
81 .0 



23.2 
36.3 



30.7 
70.0 



cn Claims 

50 



unit 



1. A water-dispersible organopolysiloxane-polyurea biock copo.ymer comprising a,, following repeaUng 



55 
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10 



75 



20 



25 



30 



35 



40 




R 

I 

O-Si 

•I 
R 



i ii 

0-Si-Y-N-C- 

I I 
n R D 



II H 

N-Z-N-C-A-B-A-C- 

I I 
H 



H 



J n 



where: 

Z^a divalent radical selected from the group consisting of phenyfene. alkylene, aralkylene and cyc.oal- 
Y is an aJkyiene radical of 1 to 10 carbon atoms; 

R is at least 50% methyl with the balance of the 100% of all R radicals beinn ^Man ^ „ 

zxssxrr* radicai ha * n9 from 2 ,o 12 — - ^^sss^zsss 

ST- ZZ * 1 ■ ' Vmy radiCal ' 3 Ph9nyl radical ' and a 5ubstrtuted *"W 9 
D is selected from the group consisting of hydrogen, an alkyl radical of 1 to 10 carbon atoms and ohenvl- 

B is selected from the group consisting of alkylene. aralkylene. cycloalkylene. SS'ne 
oxde. polypropylene oxide, polytetramethylene oxide, polyethylene adlpate Ww*£o1TX 

11 I m TV there0, • ^ 8 radica ' "•** ""We* a fi "9 ^re K3E TTfcJJ f a 
heterocyc e which contains a sufficient number of in-chaln or pendant ammonium ions or oZLZ 
ca^boxyla te ,ons to provide a block copolymer having an ionic content no greater than ToJt 1 5% 
A is selected from the group consisting of -0-. and • m - . ' 

where G is selected from the group consisting of hydrogen, an alkyl radical of 1 to 10 carbon atoms a 
Phenyl group and a radical which completes a ring structure including B to form a heterocycTe 
n is a number which is about 10 or larger, and ' ' 

m is a number which can be zero to about 25. 

2 '•" eth ° d 1 °' maldn9 3 W *«*P*«* organopolysiloxane-polyurea block copolymer said method 

zr:XmT nder " inert a,mosphere in a watw so,ubie «*•* - -sKa 1 . 

(1) a silicone diamine according to the following general formula: 



D R 

I I 
HN-Y-Si 

I 

R 



R 
I 

O-S 

I 

R 



R D 

I I 
-O-Si-Y-NH 

I 

n R 



45 where: 

R is at least 50% methyl with the balance of the 100% of all R radicals beino selected from tho «n..n 

S! ir^r^fv radicai ha * ng 2 to 12 atoms - a i^S^hi^ 

12 carbon atoms, a vinyl radical, a phenyl radical, and a substituted phenyl radicai* 
t is an alkylene radical of 1 to 10 carbon atoms; 
so O^^cted from the group consisting of hydrogen, an alkyl radical of 1 to 10 carbon atoms, and a phenyl 

n is a number of about 10 or larger; and 
(2) at least one diisocyanate having the formula: 
OCN-Z-NCO 
55 where: 

cvcTJkvEe^Vm^'r'Tw' ^ ^l- 9 ™" C0 " SiStin9 °' pheny,ene - ^ tene - and 
towSHS" 6 d ' ,S0Cyanate bei " 9 "^^ned in the range of from about 1.0.95 
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thereof aUeaa 2^7* k f I"" 6 ' $e,eC<ed fr ° m diamin «™yd'<»<y compounds, and mixtures 
thereof, at least one of said cham extenders containing at least one group selected from in-chain or oendant 
amines, and pendant carboxylic acid groups, the number of said groups being selected suTh mat once 
ionized. sa.d block copolymer has an ionic content of up to about 15%; and 
ionizing said organopolysiloxane-polyurea block copolymer. 

h„ ^.IT^ 0 ! 3000 " 1 '!! 9 t0 Cl3im 2 Wh8rei " ** o^anopolysiloxane-polyurea block copolymer is ionized 
by frea tment wtn an add selected from the group consisting of hydrochloric acid and hydTobramic add or 
an alkylating agent selected from alkyl halides. propiosultone. and butyrosultone "V 3 ™™™ acid, or 

diaminopentanoic acid and 2,2-dimelhylol propionic acid. "'emylene tnam.ne. of 2.5- 

n. JL» meth0d °' maki " 9 3 W «*^»P«W» organopolysiloxane-polyurea block copolymer havino 
ZZ ^ n ammon,um ,.'° n linta 9* s ^ing to claim 2 wherein two moles of a tertia^ amine se S 

S^fT^t" 9 ?**^ amin ° a " tyl amines and ami "° are^bXtedtr 0 nt 

mole o said chain extender to produce a polymer selected from the group consisting of terfarv ZZZ 

d.methylam.no propylamine. 1.3-dimethytarninopropanol and dimethylaminoetiianol cons,s,,n 9 ° f 3 

8. A film comprising the water-dispersible organopolysiloxane-polyurea block copolymer of claim 1 

10. An organopolysiloxane-polyurea block copolymer accordino to claim 1 wherein r' , 
me group consisting of alkylene. aralkylene. cyctoalkylene. phenyl e e Semwene oxldj 
lf a £ y, 7 ame "'y ,ene ° xid * Pofy««hylene adipate. polycaproiacton "pUSSmbSSn^ 
and a radical which completes a ring structure including A to form a heterocycle. said g o^loTaininc^n' 
in-chain or pendant amine groups or pendant carboxylic acid groups containing an 
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